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What is JUMPER?

e A Jupiter orbiting SmallSat mission concept.

* |t rides to Jupiter on a primary spacecraft.

* Science focuses on Jupiter’s magnetosphere.

e Spacecraft details.
e ESPA-class.
e Solar powered.

e Direct-to-Earth (DTE) communications.

e Hydrazine propulsion.
* Final report delivered to NASA on 12/29/17.

e 7 month project.

= JUNIPER

A SmallSat toiExplore Jupiter's Magnetospheric Boundariessiind
Image its' Energetic Neutral Atom Emissions

Mis%i'& Concept Study

NASA Grafitt NNX17AK32G

=y

Principal Investigator: Dr. Robert W. Ebert

!




Spin axis Impedance
regions
2N Inward current

. Outward current

B e .
|'I //.’
,

N ! B . ’ :
"0 ¢ 1 r
! < o B P s B A
—
Magnetosheath

Magnetopause
=
Ly
5
5
I / =5 Plasma and Current Sheet
Solar wind
1,500,000
Erehir Magnetotail
Ii\.leutralc ro : '“:,;_ \
4 < & &7
e, T NG : Plasma Toru
FluxTube :

JUMPER focuses on two science topics:
1. The solar wind’s impact on Jupiter’s magnetosphere.

2. Mass and energy transport through Jupiter’s magnetosphere.




How does the solar wind (SW) influence the onfiguration

and dynamics of Jupiter’s magnetosphere?

Processes with evidence of SW influence

- Motion of Jupiter’s bow shock and
magnetopause.

-Opening and closing of magnetic fluxat || o S ——

the magnetopause. B Ell
- Transport of mass & energy into the . ]
magnetosphere.
-Variations in UV aurora brightness and
morphology.
-Radio emission enhancements. | e
- Current sheet asymmetries in s - dovars - .

inlerplan;etary ma'gnetic ﬁeid

magnetotail.
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How does the SW interact with Jupiter’s magnetopause?

Evidence of Mag
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What are the flux and energy spectra of energetic neutral
atoms (ENAs) escaping Jupiter’s magnetosphere?
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Science Payload

Instrument

Baseline
Design

lon and Electron Magnetometer (MAG)
Sensor (IES)
Electrostatic Analyzer + Vector Helium
Detector Magnetometer

43eV/a-17.6

Power

Heritage

185 v I e B
Rosetta/IES INSPIRE, CuSP,
Europa/ICEMAG

Neutral Atom Imager
(NAI)

Single Pixel Imager

TWINS, IBEX-Hi, IMAGE/
MENA, Cassini/INCA

JUMPER targets high heritage science instruments.
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Mission Design

JUMPER Interplanetary Cruise

Joi

e Dec 24, 2024

O\
L\ &)

June 4, 2022

JUMPER launches with primary
vehicle.

JUMPER’s interplanetary cruise is
expected to last 2.5 years.

e Assuming ride w/ primary vehicle
+ SLS Launch)

Primary spacecraft + JUMPER
arrive at Jupiter.

JUMPER rides with primary
spacecraft through Jupiter orbit
insertion (JOI).
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Mission Design

JUMPER Science Mission Phases
(BS and MP using 75th percentile SW dynamic pressure)
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' Table 19: Satellite Fiybys
N Fiyby Orbit# Date C/A (km) |

| Orbit
PNumber|Duration|Name Flyb Science Phase
Doys G1 1 07/12/25 100 y _
0 85.0 = 17NG2 2 ug;zlfgﬁ 461 = Separation & Capture
1| 136.7 1| 4n
7535 AR [8A6|G3 3 10/27/25 268 & Magnetotail
3 32.1 [ AJ3 [108|G4 4 11/25/25 2153 G3
L — 13/16/25—Tars- g
6 | 188 | AJs [12/2¢|C1 6 01/03/26 262 C1&G6
7| 177 | AJ7 [114|G6 3 01/06/26 797 _ Inner Magnetosphere
5| 265 | Ao [221|G7 8 02/09/26 188 co
10 | 175 [AJ10|325|G8 9 03/17/26 112
11| 265 [As[an12[Gg 11 04/20/26 133 G9 ” o
S e s e |G10 12 05/26/26 372 B
14| 464 [AJi4|921|G11 13 08/05/26 6510 G12~_|*End of nominal mission
14~ | 931" |AJ14 |91 [man - e eee———1 T G12*
-1G12* 14 11/07/26 0* /50591
S e R b |G 13 15 02/08/27 4780 B Extended"
| 68 |Aitr[621(G14 16 05/12/27 2289 G5
G15* 17 08/13/27 0*

* indicates flybys with potential end of mission impacts.
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Spacecraft
o oed B Separaior e Key Performance Characteristics

Stowed Solar Panel Spacecraft
Con guration

Mass (Dry/Wet) | 126 kg/149 kg (CBE)

3-axis stable, sun pointing, ESPA class

4 x tripled deployed, 1994 cells at 29.5% efficiency
total area = 5.34 m’

64 W Beginning Of Life (BOL)
Raw Powier (solar) | 4  End Of L fe (EOL)

Sﬁggeg;gg ﬂg‘gg; 42.5W (BOL margin=34%; EOL margin=11%)
2 o 2 kbps X-band Direct-to-Earth with > 3 dB link margin (DSN 34m;

Communications | g yyoc X-band Direct-to-Earth with > 5 dB link margin (DSN 70m
Stowed Transmit Antenna 22 k

Propulsion | 555"

Transmit Antennas (4 Solar Panels

I,

%Hydrazme propellant
m/s of delta-V (21% margin)

Radiation in Vault | 10 kRad TID (RDM=2)

+Zsc

IES Sensor with FOV Mission Duration | Prime: 1.84 years; Extended: up to 2.63 years

Transmit Antennas (4)

s iz| | ESPA-Class Limits
i Mass: 180 kg;
oo Volume: 61 cm x 71.1 cm x 96.5 cm

Propellant Tanks (2) NAI Sensor with FOV

i Transmit Antenna (+Xsc Body Panel Not Shown For Clarity) - HSI

w Laboratory for Atmospheric and Space Physics

University of Colorado Boulder




E Commun. & Data System _

- Al Table 16: Data Volume Production & Availability for

_ JUMPER Prime & Extended Mission (3 Scenarios) ]
Half 70 m, |Only34 m ==

B half 34 m Ant.* Ant.
-|S/C Eng Production (Mb) | 6,348 4 793 3,755 .
_|MAG Production (Mh) 5,797 4 980 662
_|NAI Production (Mb) 835 700 348 Soecior
_|IES Production (Mb) 13,779 |8,099 4 240
‘|Total Production (Mb) 26,759 |18,571 9,005

- Lifrotal Available (Mb) 40,781 |25,488 10,195
-|Total Margin 34% 27% 12%

*Default case for this study
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T SIEd Hydrazine Propulsion System

- Orbit adjustments are made using a
a monopropellant (hydrazine) blowdown
thruster system (Moog, inc).

- Total propellant mass is 22 kg.

- 336 m/s of AV for the mission. -~/ -
Delta-V | Allocated | Number | Value REEE
Determinisfic 199.8 m/s 1 199.8 m/s 4.5N Thrusters (4)

Statistical (flyby corrections) 4 mfs 14 56 m/s JUMPER hydrazine propulsion
Deterministic * 12mfs 1 12 mfs

Total Required - - 267.8 m/s system (from Moog, Inc.)
Total Available 336.8 mfs [22 kg] 336.8 m/s

DV Margin - - 69 mis

% Margin - 20%

SwiRI @%LHSP




Solar Arrays

- 12 (4 x triple deployed solar panels).
- 1944 cells at 29.5% efficiency

A peak-power tracker (PPT)

- 94% efficiency; supplies 60 W BOL (45 W EOL)
to main 28V bus.

Low-voltage power supply (LVPS)

- Regulates low voltages for use by the SATYR single
board computer & PPT.

Batteries
- 640 Whr. of primary and secondary battery capacity.




Flight Avionics Subsystems

SATYR Single Board Computer (SBC)

CONTROLBOX

REACTION WHEELS {4)

- Performs all on board processing.
- 4 GB of flash memory

Flight Software (FSW)
- Re-use of CYGNSS and CuSP FSW
wherever possible.

Attitude Determination and
Control System

- Uses COTS components.
- Star trackers are used for pointing.

D,

Al

Giar Tracksr Proceswing

Siar Catslog

Qrhis Prapagatian

Raaction Shedding (Magnetar SR} I

Raarrknn Wheal Coamernd

Coemmand J Tebamatry Intarlacs

QPFTICAL GUIDES )
Integrated with Redinien Yaui

Attitudie Control E Swhi Developed
Optical Guide — _‘
S
Dasbarminaiion -
Culilan s | dalrman Filter)
¥ Reaction Wheels
(o)
S
Star Tracker | Trache Reaction Whasl
P rec | P Commanding
|
IR P
Irnastial M. - Atitude Magneivmeier
Uini Dbl Conirsl
Propagalar
Yy
E‘:r...um! and - Atitude Plerrion F i) T Bod
lnhrl:-:.: | Semmmanding Contral - ] B

- Magnetorquers to de-saturate reaction wheels.




E Primary Spacecraft Accommodation -
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Ruag 1666 or SuperZip
Separation System

Adapter Cone (New)

Dual Payload Fitling (New) ———»

15" MLB Separation System
JUMPER Spacecraft

Ruag 1666 or SuperZip /
Separation System (New)

Launch Vehicle
Adapter Cones

Figure 27: JUMPER launch vehicle and primary spacecraft interface configuration (baseline).
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Separation Profile
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JUMPER Separauon Dual Payload Fitting Separation Clipper On-orbit configuration
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JUMPER Summary

- JUMPER is a Jupiter orbiting SmallSat mission concept to study (i)
the solar wind’s influence on and (ii) the contribution from ENAs to
mass loss from Jupiter’s magnetosphere.

- It rides to Jupiter with a primary spacecraft and uses a series of
Ganymede and Callisto flybys to achieve its desired orbit.

- It has undergone a mission concept study through NASA’s PSDS3
program.

- Mission details can be found in 2018 IEEE Aerospace Conference publication.

- This mission concept is applicable to other planetary systems.
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Mission Summary

Science Questions

Mission Design

1. How does the solar wind (SW) influence the

(BS and MP using 7

JUMPER Science Mission Phases
e SW dynamic pressure)

240
Plu Legend
configuration and dynamics of Jupiter’s 180; _whmm
magnetosphere? 1204 —opre
60- : anﬁg?etotail
1. How does the SW interact with Jupiter’s Z o Magneto-
> Dayside/
magnetopause? o] —_ Solar Wing
. = = Bow
1. What are the flux and energy spectra of energetic 1201 — —Nock (BS)
neutral atoms escaping from Jupiter’s 1801 =
magnetosphere? 2408 180 130 60 X ?R) 60 -120 -180 -240
Spacecraft Key Performance Characteristics

-

IES Sensor with FOV

Transmit Antennas (4)

Solar
Panels (12)

Vault

+Ysc
4.5N Thrusters (4)
Propellant Tanks (2) NAI Sensor with FOV

1 Transmit Antenna (+Xsc Body Panel Not Shown For Clarity)

Spacecraft
Configuration

3-axis stable, sun pointing, ESPA class

Mass (Dry/Wet)

126 kg/149 kg (CBE)

Solar Panels

4 x tripled deployed 1994 cells at 29.5% efficiency
total area = 5.34

Raw Power (solar)

64 W Beginning Of Life (BOL)
48 W End Of Life (EOL)

[Spacecraft Power

(Science Mode)

42.5 W (BOL margin=34%; EOL margin=11%)

Communications

2 kbps X-band Direct-to-Earth with = 3 dB link margin (DSN 34m
8 kbps X-band Direct-to-Earth with > 5 dB link margin (DSN 70m

Propulsion

22 kg Hydrazine propellant
336.8 m/s of delta-V (21% margin)

Radiation in Vault

10 kRad TID (RDM=2)

Mission Duration

Prime: 1.84 years; Extended: up to 2.63 years
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